The aim of the paper is to describe the influences of conventional and azimuthing podded propulsion on passenger ferry maneuvering, particularly turning circle and zig-zag maneuvers. The MATLAB-simulink program was used to simulate the turning circle and the zig-zag maneuvers. The program was developed based on the mathematical model for ferry maneuvering. The model involved the setting-up of a 4-DOF in a modular of the Mathematical Modelling Group (MMG) of the hull, propellers-rudder or pod system. The simulation includes separating components of the hull equations, propeller-rudder or pod systems as well as the interaction between them. The results indicated that the azimuthing podded propulsion has an advantage for turning circle performance, meanwhile conventional propulsion is beneficial for zig-zag maneuvers. The 1 st and 2 nd overshoot times of conventional propulsion of the sea trial are higher than the simulation; but the turning cirles of the sea trial are lower.
INTRODUCTION
As the largest archipelago in the world, Indonesia has more than 17,000 islands and a coastline of 95.181 km long, 2/3 of the area is sea, underscoring its important role in the national transportation system. Currently, 273 ships are sailing on 217 tracks (Kemenhub, 2013) and the number of ships will be increased in accordance with the plan to increase the number of tracks. However, due to the ship age factor, water conditions, and the lack of facilities and safety equipment on ship have caused accidents that have resulted in an increase in the number of casualties. From 20092013, 150 ship accidents were recorded in Indonesian waters; of which 56 accidents were due to ship grounding and collision (Kemenhub, 2013) . In many cases, ship grounding and collision are caused by ships with low maneuvering quality (Viviani, 2003) . Kobayashi and Ishibashi (1993) explained the interaction between the hull, propeller and rudder for ships with twin-propeller and twin-rudder maneuverability. They concluded that the wake at propeller is affected by hull form, especially in ships with conventional propulsion. The conventional propulsion has an effect on the rudder characteristics and the rudder behind the hull in oblique motion. The characteristics of the unbalanced hydrodynamic force caused by the propeller create a partial vacuum in the region of the propeller. Therefore, ship maneuverability may become out of control. Other efforts for improving ship maneuvering have been done through computer simulation and experiments relating to propulsion types. Insel and Helvacioglu (1997) analyzed some alternative propulsion types (i.e. conventional propeller-rudder, propeller-high lift rudder, cycloidal propellers and Z-drives) on passenger ferries. They concluded that the cycloidal propeller has an advantage of keeping in position, meanwhile high lift rudder is beneficial for both thrust and side force to keep on track maneuvers. Toxopeus and Loeff (2002), and Stettler (2004) conducted intensive research on the application of podded propulsion from a maneuvering perspective by comparing specific ship designs with conventional and podded azhimuthing propulsion systems. The use of unconventional propulsors into ship design potentially increase the maneuvering performance of the ship.
Based on the aforementioned studies, this paper focuses on applying the concept of azhimuthing podded propulsion to Indonesian ferry maneuvering. By simulating the type of propulsion system, maneuverability of the ship is expected to be improved.
METHODOLOGY

Matematical Model
To assess ship maneuverability using computer simulation, mathematical models are the first ones to be developed, including the hydrodynamic derivation model. This model was based on an equation of motion (Equation 1), using the Ship Coordinate System shown in Figure 1 . 
The notation of u, v and r are velocity components at the center of gravity of the ship (G). U represents the resultant of ship speed; m is the mass of ship; I ZZ and I XX are respectively moments of inertia. X, Y, N and K represent the hydrodynamic forces and moments acting on the C.G. of the hull. Forces and moments can be defined separately as different elements of physical force and moment of the ship in accordance with the concept developed by Ogawa and Kansai (1997) as: 
where : β = tan -1 (v/u) and 
where z H is the vertical distance between the center of gravity (G) and bouyancy (B), a 0 is the damping coefficient. B 44 is the added inertia of roll motion; C 44 is the moment inertia of roll motion;  is the roll angle; g is the gravitational acceleration; GM is the metacentric height. J ZZ is the added moment of inertia respect to z-axis.
According to Kijima and Yasuaki (2003) , the force and moment equations induced by conventional propulsion (propeller -rudder) are expressed by Equation 5:
where :
Where t P is the thrust deduction coefficient in straight forward moving; K T is the thrust coefficient of a propeller force; n is the propeller revolution; D P is the propeller diameter; w P is the effective wake fraction coefficient at propeller location; J P is the advance coefficient; C 1 , C 2 and C 3 are the constants for open water propeller, respectively.
Force and moment coefficients on rudder area (X R, Y R , N R and K R ) can be expressed by Equation 6:
Where  is the rudder angle; x R and z R are the representations of rudder location and t R , a H and x H are the interactive force coefficients among hull, propeller and rudder.as the functions of the advance constant of the propeller. The dimension of rudder force is defined as follows:
where A R is the rudder area; f  is the gradient of the lift coefficient of rudder and it can be approximated by the function of the rudder aspect ratio ():
where , ,  R and l R are the parameters, describing the rudder inflow velocity angle, respectively; (1-w) and  are the propeller wake fraction and effective efficiency, respectively.
(D P /H) is the ratio of propeller diameter to rudder height.
For the case of a ship equipped with podded propulsion, force and moment is calculated as developed by Ayaz et al. (2005) 
in Equation 7
:
The corrections for scale effect on K T for pod drivers (K T-POD ) is modified according to the Funeno method in Molland et al. (2011) in Equation 8 . 
Computer Simulation
According to IMO standards for ship maneuverability (2002), the assessment of ship maneuvering should be analysed based on the swept path. There are two methods for this purpose. The first method is a free running test, and the second one is a computer simulation, using mathematical models. Here, maneuvering performance investigations have been carried out using the time domain computer simulation program of MATLAB-Simulink. The swept path of ship can be obtained by double integrating the acceleration of the ship in the surge, sway, yaw and roll of mathematical models that include the hydrodynamic derivatives (Muhammad et al., 2008; . The equations of motion in this time domain simulation are then solved by the numerical integration in the Dormand-Prince method ). The step integration for surge force can be expressed by Equation 9.
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Then, by the same method, the motion integration process for sway, yaw and roll were performed. The next simulations were developed and analyzed through computer simulations with the MATLAB-Simulink software.
Ship Data
The main particulars of a simulated passenger ferry are presented in Table 1 . The ship was equipped with two conventional propellers (FPP) and two conventional rudders, mounted behind the ship. Tables 2 and 3 show the propulsion parameters and hydrodynamic derivatives, respectively used in the simulation. The resistance and propulsion parameters for simulation were predicted using the Holtrop Method (Holtrop & Mennen, 1982; Holtrop, 1984) , for a ship with podded propulsion, the parameters were predicted by Ayaz et al. (2005) and Funeno in Molland et al. (2011) . Hydrodynamic derivatives were predicted using the derived regression equation developed by Yoshimura and Ning (2003) , and Yoshimura (2010). A ship equipped with conventional propulsion has a 6.38% tactical diameter larger than the podded propulsion. However, a ship with podded propulsion has a 4.05% bigger heel angle and 15.51% lower speed than the ship with the conventional propulsion. It was also found that the 
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Comparison between Conventional and Azimuthing Podded Propulsion on Maneuvering of a Ferry utilizing Matlab Simulink Program type of propulsion equipment was affected by the hull, especially for a ship with podded propulsion. The type of podded propulsion has a 52.30% bigger side force than the ship with a conventional rudder, despite during the ship's first movement, the side force of the podded propeller is lower. This result is similar to the findings of Ayaz et al. (2005) , confirming the excellent characteristics of podded propulsion vessels compared with those of conventional vessel propulsion. Betancourt (2005) suggested that a ship with podded propulsion will operate very well both at lower speeds and pod angles. , respectively. The overshoot times of a ship with podded propulsion were higher in the 1 st and 2 nd overshoot times and the heading angles than a ship equipped with conventional propulsion. The same situation occurs in the turning trajectory results, a ship with podded propulsion performance on zig-zag maneuver (1 st overshoot) has 23% bigger heel angles and 36% lower speeds than a ship with conventional propulsion. The reason is the effect of the side forces of the propeller is lower, especially at the ship's first moving. This is similar to the findings of Insel and Helvacioglu (1997) , that the propeller-high lift rudders were beneficial for both the thrust and side force movements for keeping the maneuvering on track. nd overshoot, indicating that overshoot times of the sea trial test were 65% and 71% higher, respectively, than simulation results. Table 4 indicates the summary of simulation and sea trial results for conventional and podded propulsion systems. 
